Summary. Serum insulin responses to 100 g oral glucose, intravenous tolbutamide, and oral glucose plus intravenous glucagon and tolbutamide, were studied in patients who were definitely diabetic but subsequently improved to have normal glucose tolerance following treatment. "Definite diabetes" was diagnosed when the patient had had fasting blood sugar higher than 150 nag/ 100 ml or had clear diabetic retinopathy plus glucose intolerance. This improved group, whether nonobese or obese, had significantly decreased insulin responses during glucose tolerance test and glucose-glucagon-tolbutamide test, but the insulin response to intravenous tolbutamide was not significantly different from the control. In contrast, in the secondary diabetes group, whose glucose intolerance might be attributable to other diseases than diabetes, insulin response to glucose was enhanced, and was normalized when glucose tolerance became normal. The insulin response to glucose of the prediabetes group (i.e. with both parents diabetic) with normal glucose tolerance was intermediate between those of the ]healthy and diabetes groups. It seems that the low insulin response to glucose is a less easily corrigible feature than glucose intolerance and probably constitutes one of the most fundamental abnormalities in primary diabetes.
A number of previous studies have demonstrated that insulin secretory responses to glucose or other stimuli are generally diminished in moderately or severely diabetic patients. In cases of mild diabetes or so-called chemical diabetes, although plasma insulin often reaches a higher than normal level following a glucose load, the response is, in general,, delayed and if the influence of obesity [1] and the increment of blood sugar [2, 3] are taken into consideration, it is also regarded as subnormal. Some contradictory results have also been reported, however [4] .
Decreased insulin response to glucose is considered to be characteristic by some investigators not only for diabetic patients but also for prediabetic subjects who have a hereditary disposition to diabetes [5, 6] . Cerasi and Luft [6] proposed a hypothesis that a low insulin response to glucose infusion could serve as a genetic marker of diabetes, and that true diabetes may develop only in "low insulin-responders'.
The insulin response of a diabetic patient can vary considerably with the change of metabolic state [7] . The aim of the present study was to investigate the insulin response of diabetic patients during the period of best improvement of their diabetic state.
It is rather uncommon for a definitely diabetic patient to improve to completely normal glucose tolerance. We have had the opportunity to study the insulin response of 23 such cases and found that their insulin responses remained significantly lower than normal despite normal glucose tolerance at the time of examination.
Materials and Methods
The principal subjects of this study were the patients with definite diabetes, and subsequently with normal glucose tolerance. Among about 2000 patients attending the diabetes outpatient clinics of Tokyo Women's Medical College and of University of Tokyo Hospitals, 23 such patients were found. They are called "improved group". Among them, 3 were initially treated with insulin, 6 with sulfonylureas, and 14 only on diet. None of them however, needed any drugs at the time of examination. During improvement, 8 patients lost weight by 5 kg or more. In the present paper, definite diabetes is defined when we have confirmed that the patient has had a fasting blood sugar (FBS) higher than 150 rag/100 ml during the period of observation, or when the patient has clear diabetic retinopathy with microaneurysms plus diabetic glucose tolerance.
This "improved" group was compared with the following groups for their insulin responses. 1. Control group : 75 subjects (50 non-obese and 25 obese) who had normal glucose tolerance and were without a family history of diabetes, and without any acute or c:hronic metabolic diseases.
2. Diabetes groups : 139 cases with definite diabetes, who had either FBS higher than 150 rag/100 ml initially or diabetic retinopathy, but with unspecified FBS at the time of GTT. They were either untreated, or, if treated on oral antidiabetic drugs, drugs were withheld at least for a week before the GTT. 3. ]?redia-betes group: 16 subjects, both parents diabetic, who had normal glucose tolerance. 4. Secondary diabetes group : 2 cases on eorticosteroid treatment for systemic lupus erythematosus or hepatitis, 3 cases of hyperthyroidism and 3 cases of acute hepatitis, who all had diabetic glucose tolerance, but who eventually came to have normal glucose tolerance.
All the tests were carried out after an overnight fast. The glucose tolerance test was performed using 300 ml Trclan G 50| (Simizu Seiyaku Co.) t. It has been reported that plasma glucose and insulin responses following administration of this solution are essentially the same as those after a standard 100 g glucose load [8--10] . Blood sugar determination was made with blood samples taken from a cut on the ear lobe before and 30, 60, 90, 120 and 180 min after the ingestion of the test solution. Samples for serum insulin assay were withdrawn at the same time from an arm vein into glass tubes. Blood sugar was measured by HagedornJensen's method [11] , which gave values 10--15 rag/ 100 ml higher than the glucose-oxidase method in our laboratory. Serum insulin was assayed by a doubleantibody technique [12] .
The criteria for the evaluation of glucose tolerance curve were based on the recommendation of the Japan Diabetic Society [13] ; the glucose tolerance curve in which 60 rain and 120 rain values were higher than 200 and 180 rag/100 ml, respectively, was defined as diabetic, and the glucose tolerance curve in which 60 rain and 120 rain values were less than 180 and 140 rag/ 100 ml respectively, was defined as normal. Intermediate curves were defined as borderline.
The intravenous tolbutamide test was carried out by injecting 0.5 g tolbutamide intravenously in 1 min. Blood samples were collected before and 1, 5, 10, 20, 30, 40, 50, 60 and 90 min after the injection.
Glueose-glucagon-tolbutamide test was performed according to the method of Ryan and others [14] . After a fasting blood sample was withdrawn, 300 ml of Trelan G| was given orally. Another blood sample was taken at 30 rain and then 1 mg glueagon and 0.5 g tolbutamide were quickly injected intravenously. Blood samples were taken 1, 5, 10, 30, 60 and 120 rain after the injection.
Results

Insulin Responses During GTT
Insulin responses following an oral glucose load (mean • SD) of control, prediabetes, improved groups and diabetic groups are shown in Fig. 1 . Because of the well-known effect of obesity on serum insulin, non-obese subjects (less than 110% ideal 1 300 ml Trelan G| contains carbonated and flavoured hydrolysates of carbohydrate corresponding to 100 g glucose. The composition of sugars are as follows: glucose 35.5~ maltose 19.5~o, maltotriose 12.5% and higher saccharides 32.5 ~o. standard body weight s ) and obese subjects (.more than 110% standard body weight) are shown separately. Although the glucose tolerance curves of the first three groups all fell within the normal range, the improved group had slightly higher mean blood sugar values than the control group after oral glucose load. The diabetic groups were subdivided according to the FBS at the time of GTT.
Serum insulin responses in the control, prediabetes and improved groups were markedly different despite similar, normal glucose tolerances. In the control group, mean levels of serum insulin reached a peak of 86 ~U/ml (non-obese) or 127 ~U/ml (obese) at 30 rain. The insulin response was markedly depressed in the improved group. The insulin response of the prediabetes group was intermediate. In the diabetes groups, the insulin responses were generally low and progressively decreased with increasing FBS. When the FBS levels were lower than 160 mg/100 ml, the peak insulin levels were not necessarily low, but the 30 rain values were dearly subnormal. In most groups, obese subjects had higher insulin levels than non-obese subjeers in the same group. The individual data of blood sugar and serum insulin concentrations of the improved group are presented in Table 1 . Cases No. 1--10 and No. 16--22 were diagnosed as definite diabetes because their initial FBS were higher than 150 mg/100 ml, and cases No. 11--15 and No. 23 had diabetic retinopathy. With a few exceptions, their insulin values 30--120 rain after the glucose load were less than the range of corresponding values in the control group. This was true both for non-obese and obese eases.
The decrease in insulin response in the improved group is more dearly demonstrated when the ratios (AIRI/ABS) of the increments of insulin (~U/ml) to blood sugar (rag/100 ml) 30 min after glucose load were calculated (Fig. 2) . The AIRI/ABS values of the improved group and the diabetic groups were markedly lower and those of the prediabetes group were moderately lower than the control values. As an index of overall insulin response, the sums of 6 insulin values (ZIRI) obtained during GTT are shown in ~'ig. 3 together with the sum of 6 blood sugar values (ZBS). The general pattern is similar to that of Fig. 2 , in that the insulin response was decreased moderately in the prediabetes group and markedly in the improved group. In the diabetes groups, ZIRI was moderately or markedly decreased.
In the improved group, cases were examined twice for their insulin response, before and after normalization of their GTT. As shown in t~ig. 4, there was a poor response of serum insulin in both tests. The insulin levels after improvement were not significantly different from those before. Fig. 4 also shows the data of "secondary diabetics", who had had a diabetic glucose tolerance initially, possibly due to causes other than 2 Ideal body weight was calculated from the body height according to the following equation (15) . Ideal body weight (Kg) = [body height (era) --100] • 0.9. primary diabetes, and later had normal glucose tolerance. In this secondary diabetes group, the insulin response was markedly higher than the control when the glucose tolerance was diabetic, but decreased to the normal range after the normalization of glucose tolerance. The values of AIRI/ABS remained within the normal range in the secondary diabetes group whether the results of GTT were diabetic or normal.
Insulin Responses to Intravenous Administration of 0.5 g Tolbutamide
As shown in Table 2 , serum insulin began to increase within one minute and reached the maximum 5 rain after the injection of tolbutamide, except for the diabetic group with FBS higher than 160 rag/100 ml, which had a more sluggish insulin response. In the improved group, the peak insulin level was somewhat lower, but was not significantly different from that in the healthy control group. The peak insulin level was lower in the diabetes groups, and especially when FBS was higher than 160 rag/100 ml.
The fall of blood sugar was most prompt and marked in the control group, and tended to be delayed and less marked in other groups.
Insulin Responses to the Glucose. Glucagon-Tolbutamide Test
In the control group, serum insulin increased promptly to a peak of 605 =~ 343 ~U/ml 5 min after intravenous injection of glucagon and tolbutamide [ Non-obese (50) (7) (1S) (6) (16) (12) o[Obese (25) (9) (8) .,, (9) (17) .. ,, (171
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Individual blood sugar and serum insulin data during 100 g GTT of patients in the improved group
Before Treat- Asterisks mean significant differences from healthy control (*: p <: 0.05, **: p <: 0.01) Table 3 .
Changes in blood sugar and serum insulin concentrations (mean 4-SD) during the gtucose-glueagon-tolbutamids test in the healthy, improved and diabetes groups
~O. of (Table 3 ). The insulin responses in the improved group and the diabetic groups were both much smaller than control.
Discussion
Although diabetes mellitus is often diagnosed on the basis of glucose intolerance, it is obvious that simple glucose intolerance is inadequate for the diagnosis of true primary diabetes, in view of the diversity of the factors which can impair glucose tolerance. As our attention was particularly focussed upon the insulin response after normalization of glucose tolerance, The ratios (AIRI/ABS) of the increment of insulin (~U/ml) to the increment of blood sugar (rag/100 ml) 30 rain after 100 g glucose load in the healthy control, prediabetes, improved and diabetes groups. Asterisks mean the sigrdfieance of difference from corresponding controls (* P<0.05, ** P<0.01)
we attempted to select patients who had unequivocal or definite diabetes by either of two criteria. Our criteria of FBS higher than 150 rag/100 ml before treatment, or the presence of definite diabetic retinopathy plus impaired GTT are rather arbitrary. Cases who might have true primary diabetes, but at the stage of chemical diabetes and without retinopathy, were excluded from our study.
In conformity with most previous reports, definitely diabetic patients thus selected were all low insulin responders to oral glucose, if their blood sugar values were taken into consideration to evaluate insulin responses. Insulin responses were markedly de. pressed in patients who had definite diabetes, but with normal glucose tolerance at the time of GTT. Luft and associates [16] reported that the low insulin response of diabetics with acromegaly remained low after improvement of glucose tolerance by hypophysectomy. Our results seem to indicate that the persistence of a Fig. 3 . Changes in blood sugar, serum insulin concentrations (meaniSD) and AIRI/ABS (30 rain) during 100 g GTT in the improved and secondary diabetes groups before and after normalization of their glucose tolerance low insulin response after improvement of GTT is a general phenomenon in diabetics in whom there is no specific diabetogenic factor. The prediabetes group also had lower insulin responses than the control, in keeping with the data of previous reports [5, 6] . The decrease ill insulin response in prediabetes, however, was less marked than that of the improved group.
These data suggest that the impaired insulin release by glucose is a less easily corrigible defect in primary diabetes than is glucose intolerance. It probably constitutes one of the most inherent and fundamental abnormalities in the pathophysiology of diabetes during the phases of prediabetes and of improvement.
In contrast, in the secondary diabetes patients whose glucose intolerance might be attributable to other diseases than diabetes, insulin responses were enhanced when the GTT was diabetic and normalized when GTT became normal. As AIt~I/ABS ratios were within the normal range in these patients, it may be that the B-cells responded normally to the changes in blood sugar during the course of their primary diseases.
It has been suggested that impairment of insulin response in prediabetes or mild diabetes is a selective defect to glucose stimulation. Insulin responses in mild diabetics may be nearly normal after tolbutamide [17] or isoproterenol [18] , but severely impaired following intravenous glucose. Some investigators [5, 19] reported a subnormal insulin release after tolbntamide in prediabetic subjects. However, our data showed that tolbutamide induced smaller insulin responses in the improved and diabetes groups than normal, but the decreases in insulin responses were not so marked after tolbutamide as those following glucose stimulation. Selective impairment of insulin release to glucose may exist to some extent in these cases. The marked decrease in insulin response to the glucose-glueagontolbutamide test in the improved and diabetes groups may be explained by their insensitivity to glucose stimulation.
Several questions emerge from the subnormal insulin response to glucose in the improved and pro. diabetes groups. Normal glucose tolerance despite low insulin release might mean some compensatory adaptation in the body. It is not known whether low insulin response means lack of insulin in the body. It is possible that glucose tolerance is a too insensitive index to be affected by a very minor lack of insulin. The possibility exists that such a small deficiency of insulin might be relevant to diabetic microangiopathy, which may appear even in the stage of prediabetes [20] and progresses even with the best means of treatment of diabetes. Another question is whether the decreased in. sulin release in prediabetes exists from birth or whether it appears and progresses during growth. That the pre. diabetes group had intermediate insulin responses between the control and diabetes group might support the latter view or simply indicate that not all the subjects with both parents diabetic have a genetic disposition to diabetes. A long-term follow up study of the same prediabetic cases is necessary to clarify this problem.
